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Abstract
The overall LHC project schedule requires the civil engineering work to begin before the final
LEP shutdown. The new caverns for the ATLAS experiment will be built in and around the
existing underground structures at point 1. In order to make the best possible use of the time
available for the LHC civil engineering before the shutdown of LEP, a particular arrangement
for the construction of the UX15 cavern vault has been developed. The basic concept of this
arrangement consists of the excavation of the cavern top heading and the installation of the
concrete vault immediately afterwards, prior to the subsequent bench excavation after LEP
shutdown. A temporary support of the dead weight of the concrete roof will be achieved by
the suspension of the roof by 38 no. pre-stressed ground anchors of 225 tons capacity each.
This support system will work up to the construction of the cavern base slab and walls and the
completion of the permanent concrete lining.
21 INTRODUCTION
The new underground works for the ATLAS experimental area at point 1 will be built in and around
the existing LEP structures. The LEP machine will be operational until October 2000. Civil
engineering construction started early 1998, two and a half years before the final LEP shutdown, and
is scheduled to be completed by the end of the year 2002.
The UX15 cavern vault and the two shafts PX14 and PX16 are to be excavated and concrete
lined while the LEP machine is still running. The concrete vault of the cavern is to be supported
temporarily whilst the remainder of the cavern is excavated and the side walls are cast up to the
underside of the vault.
2 UX15 CAVERN LAYOUT
The UX15 ATLAS detector cavern has a finished cross section of 30 m in width and 35 m in height.
Its internal length is 53 m. The permanent concrete lining consists of a 5 m thick base slab, 2 m thick
straight vertical side walls, 1 m thick curved vertical end walls and a 1.3 m thick roof arch, curved to
a 20 m internal radius. Concrete corbels are included at the top of the two side walls to form the crane
beams which support the crane rails for two overhead travelling cranes.
The concrete vault is penetrated by the two access shafts PX14 and PX16. The bigger PX14
shaft has an internal diameter of 18 m. The thickness of the concrete lining is 70 cm. The smaller
PX16 shaft is 12.6 m in diameter and has a 50 cm thick concrete lining.
Figure 1: General arrangement of underground works at point 1.
3The primary rock support of the UX15 cavern consists of shotcrete and rock bolts. Twenty
centimetres of fibre-reinforced shotcrete and 25 mm diameter fully grouted bars of lengths from 4 to
9 m will be used in the vault. The side walls and end walls will be supported with 20 cm thick fibre
shotcrete and 5 m long rock bolts in the upper part and 7 m long rock bolts in the lower part.
The watertightness of the structures will be achieved by the inclusion of an impermeable
membrane between the shotcrete and the final concrete lining. A drainage geotextile will also be
included on the outside of the membrane to avoid the development of a hydrostatic pressure behind
the linings.
3 UX15 CAVERN VAULT DESIGN
To meet the tight overall LHC project schedule and the imposed completion date for the ATLAS civil
engineering, the maximum amount of construction work must be carried out before the final LEP
shutdown, with minimum effects on the existing structures and no disruption to the operation of the
LEP machine. These programme constraints mean that the two new shafts and the cavern vault have
to be excavated and lined prior to the bulk excavation of the main part of the UX15 cavern.
The lining of these structures has therefore been designed to withstand the loads and
displacements created by the subsequent bench excavation in UX15. The concrete vault is to be
supported for approximately two years whilst the remainder of the cavern is constructed. One of the
particularities of the project is that the dead weight of the concrete vault will initially be carried on
pre-stressed cables. They will then become redundant when the cavern walls are constructed up to the
underside of the vault and when the weight of the concrete roof is taken over by the cavern walls.
The initial concept assumed the weight of the vault to be carried by the crane beams, which
would have been held to the rock by conventional ground anchors. The anchors would have been
installed in holes drilled up from within the cavern into layers of competent sandstone rock above the
elevation of the concrete roof. The location and inclination of each anchor had to be designed to
obtain a minimum distance between each fixed anchor length and between each anchor and the
existing and new underground structures. The number of anchors that could be installed from both
crane beams is thus limited due to the presence of the existing shafts.
The results of the numerical calculations showed loads in the anchors due to the gravitational
displacement of the vault in the range of 160–240 tons. If these developed loads were taken as the
minimum working loads, then anchors with ultimate load capacities of around 480 tons would have
been required. Irrespective of the results of the numerical models, an assessment of what is in practice
a reasonable working load for ground anchors in molasse rock had to be made. Experience from
another tunnel construction site in the region shows that a reasonable, achievable working load lies in
the order of 170 tons. With this working load, the installation of a further ten anchors would have
been necessary. Because of the limited space, these anchors would have to be located in the vault,
rather than in the crane beams.
For these and other constructional reasons, in particular the difficulty of providing access to the
anchor heads to modify the load in the anchors to compensate for movements of the vault during
bench excavation of the cavern, the initial concept of the anchor design was modified to include
anchors only through the vault itself. High-capacity strand ties without fixed anchor lengths, which
will be installed from small galleries excavated from the new shafts, were designed. This design
allows the use of larger capacity pre-stressed cables and the support in the central area of the vault,
such that fewer and more efficient anchors can be used. Thirty-eight no. tensioned ties of 225 tons
working load each will be used. Proprietary anchor heads will be installed within the concrete vault
before it is cast. All drilling, installing, pre-stressing, monitoring, and re-stressing of the anchors will
be undertaken from the anchor galleries.
4 CONSTRUCTION SEQUENCE
The construction of the UX15 underground works started in early 1999 with the excavation and rock
support of the two new access shafts PX14 and PX16. After reaching the required elevation, two
anchor galleries were excavated from each shaft.
4The galleries will not be used as permanent structures and thus were supported with primary rock
support only. Anchor holes were drilled downwards to the future elevation of the cavern vault.
Concrete beams were cast in the invert of the galleries to take the anchor loads. Excavation of PX14
and PX16 resumed after completion of the anchor galleries and was completed in October 1999.
Figure 2: Typical cross section through cavern, shaft and anchor galleries.
Following the installation of the waterproof membrane, the shafts will be concrete lined using
the slipforming technique. After completion of the lining of the first shaft (PX14), the construction of
the vault of UX15 will start with the excavation of two side drifts. The second shaft (PX16) will be
concrete lined at the same time. The excavation of the cavern vault will continue down to crane beam
level as a series of headings, supported with fibre-reinforced shotcrete and rock bolts.
Once the excavation of the vault is complete, the waterproof membrane will be attached, the
anchors will be installed from the galleries in the pre-drilled anchor holes, and the crane beams will
be cast. The dead end anchorage will be positioned within the area of the future concrete arch. A
specific method has to be employed for the penetration of the impermeable membrane by the anchors
to ensure watertightness in the final stage. A plastic trumpet will be inserted into the bottom of each
borehole but will extend out of it to provide a casing for the strands at the penetration point of the
membrane. The membrane will then be welded around the plastic trumpet. The void between the
plastic trumpet and the borehole will be sealed off with mortar.
Following the installation of the anchors, the reinforcement of the concrete vault will then be
fixed. Self-supporting steel lattice arches will be erected from the crane beams, forming part of the
reinforcement and supporting the conventional reinforcement bars. Then the formwork will be
erected. The 53 m long cavern vault will be cast in five continuous stages, each supported from one
crane beam to the other. Once the concrete of the first stage is cast and has reached its required initial
strength of 20 MPa, the formwork will be removed and re-erected for the next stage. Casting of the
concrete and removal and re-erection of the formwork will be repeated until the whole concrete vault
is complete. Then the ties will be pre-stressed to 25% of their working load in a defined order. When
the vault concrete has reached its 28 days strength limit, each tie will be tensioned to 100% of the
working load in the same order. Some anchors may need to be re-stressed to adjust the load in these
anchors, depending on how interactive the tensioning procedure will be.
At that moment the dead weight of the concrete vault will be taken by the anchors. Excavation
of the first bench under the vault can then start.
5Excavation will be carried out down to the elevation of the LEP tunnel. When LEP is
dismantled and the equipment removed from the beam tunnel, the excavation will break into the
tunnel. Various smaller caverns and galleries along the beam tunnel will be constructed from that
level. Upon completion of these structures, the excavation in UX15 will continue down to the invert
level of the cavern.
Anchor loads and deflections of the concrete vault will be monitored throughout the excavation
of the cavern. An adjustment of the forces in the ties may be necessary to compensate for any
movements of the vault. The monitoring values will indicate whether an adjustment is required or not.
Upon completion of the excavation in UX15, the cavern base slab will be cast and the concrete
walls will be constructed to the underside of the crane beams. The joint between the top of the walls
and the underside of the crane beams will be grouted. Following the final curing of the grout, the
anchors will be de-stressed. The load in each anchor will be released to 25% of the working load in
the reverse order to that used for tensioning. When all anchors have been de-stressed to 25%, the
sequence will be repeated to completely de-stress all the anchors. When all anchors have been
completely de-stressed, the anchor holes will be grouted up and the openings in the linings of PX14
and PX16 to the anchor galleries will be blocked.
5 SUMMARY
The programme constraints imposed by the overall LHC project schedule on the ATLAS civil
engineering led to the construction of the UX15 concrete roof vault prior to the bulk excavation of the
main part of the cavern. The weight of the concrete vault is to be temporarily carried on ground
anchors until the remainder of the cavern is excavated and the cavern walls are constructed.
Four anchor galleries had to be excavated from the two shafts PX14 and PX16. High-capacity
tensioned ties are to be installed from these galleries as an array of anchors down to the cavern vault.
The dead end anchorages of the ties are to be cast into the concrete vault. Tensioning of the anchors
will support the vault to allow bench excavation under the suspended concrete roof. Upon completion
of the bulk excavation and the base slab of the cavern, the side walls are to be cast up to the underside
of the concrete vault. When the concrete lining of the cavern is complete, the anchors are to be de-
stressed and become redundant.
While this arrangement for the construction of the UX15 cavern necessitates additional
excavation work for the anchor galleries, it reduces the amount of excavation and formwork that is
required before the vault can be completed. It allows the use of large-capacity anchors and support in
the central area of the vault, such that fewer and more efficient anchors can be used. It also allows
access for the anchors to be monitored and re-stressed at any time during the excavation and lining of
the cavern.
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